Nucleic acid sandwich hybridisation was applied to the detection of Chlamydia trachomatis directly from clinical specimens. In this study a combination of reagents was used, detecting both the genomic DNA and the cryptic plasmid of C. trachomatis. Thereby the sensitivity of the test was improved allowing detection of less than 105 elementary bodies (EBs). The specimens (N = 268) were collected in an outpatient clinic for sexually transmitted diseases from female patients with cervicitis and from male patients with urethritis. The reference test was chlamydial isolation by cell culture. The sensitivity of the sandwich hybridization test was 77% (50/65) as compared with culture. In addition, 15% of the specimens remaining negative by culture were positive in hybridization (31/203). The high specificity of the test reagents has been proven and no background due to specimen impurities was observed. Therefore, detecting in this study 81 chlamydial infections as opposed to 65 detected by culture only, sandwich hybridi- 
SUMMARY Nucleic acid sandwich hybridisation was applied to the detection of Chlamydia trachomatis
directly from clinical specimens. In this study a combination of reagents was used, detecting both the genomic DNA and the cryptic plasmid of C. trachomatis. Thereby the sensitivity of the test was improved allowing detection of less than 105 elementary bodies (EBs). The specimens (N = 268) were collected in an outpatient clinic for sexually transmitted diseases from female patients with cervicitis and from male patients with urethritis. The reference test was chlamydial isolation by cell culture. The sensitivity of the sandwich hybridization test was 77% (50/65) as compared with culture. In addition, 15% of the specimens remaining negative by culture were positive in hybridization (31/203). The high specificity of the test reagents has been proven and no background due to specimen impurities was observed. Therefore, detecting in this study 81 chlamydial infections as opposed to 65 detected by culture only, sandwich hybridi-
INTRODUCTION
The conventional laboratory diagnosis of C. trachomatis, based mainly on isolation in cell cultures, is considered difficult and unsatisfactory for several reasons [1] . Therefore, during the last few years, several new methods, not relying on the viability of the microbe, have been developed for the improved identification of Chlamydia spp. directly from clinical specimens. Immunological methods include detection of chlamydiai antigens in genital and conjunctival smears by immunofluorescence using monoclonal antibodies [2] [3] [4] [5] [6] , by a solid-phase enzyme immunoassay [7] or by an enzyme-amplified immunoassay [8] . Detection of chlamydial DNA directly from clinical specimens by nucleic acid hybridisation has also been described [9] [10] [11] [12] .
The nucleic acid sandwich hybridisation test has been shown to be suitable for viral [13] and bacterial [14] identification. It uses 2 non-homologous, but adjacent DNA fragments for the detection. One of the identifying DNA-reagents is im-mobilised on a solid support (e.g., filter) and the other serves as a labelled probe in solution. The specimen is also kept in solution. Sample DNA homologous to both identifying reagents will hybridise with the catching-DNA on a filter and with the labelled probe in solution, and thus mediate the binding of the probe to the filter. The advantages of this method are the ease of performance and the lack of background problems often associated with hybridisation tests, where DNA isolated from crude biological material is tested after immobilisation on filters.
For this study we constructed sandwich hybridisation reagents from the multicopy cryptic plasmid of C trachomatis, thereby improving the sensitivity of the test. We examined the applicability of this modified sandwich hybridisation test for the detection of C. trachomatis in genital specimens.
MATERIALS AND METHODS

Clinical specimens
The clinical specimens were collected at the Outpatient Clinic for Sexually Transmitted Discases of the University Central Hospital, Helsinki during March-August 1984. The patients were symptomatic, suffering from non-gonococcal urethritis or cervicitis. In addition, a few patients returning for control after recent chlamydial infection were included in the study. Separate specimens for sandwich hybridisation and for chlamydial culture were taken with cotton-tipped wooden swabs (Oriola, Finland) from female endocervix or male urethra. The sampling order was randomised.
For optimal test performance, the specimens for culture and for DNA test were taken into different solutions. The swabs for culture were inserted into a transport medium, which was 2SP-buffer (0.2 M sucrose, 0.02 M phosphate buffer) containing 3% (v/v) fetal calf serum, 10 p.g/mi gentamicin, 100 p,g/ml vancomycin and 25 IU/ml nystatin. The swabs for sandwich hybridisation were taken into 0.5 ml of TE (10 mM Tris-HCl, 1 mM EDTA, pH 7.6) containing sodium dodecyl sulphate (SDS) 0.2% (w/v) and herring-sperm DNA (160 p,g/ml). All specimens were transported within 2-8 h to the testing laboratories. The specimens for the hybridisation assays were stored at -70°C until tested. The isolation of C. trachomatis was performed in the Microbiological Laboratory of SERO Inc. (Helsinki, Finland) using cycloheximide-treated McCoy-cell monolayers in vials followed by iodine staining after 48 h of cultivation
The sample pretreatment for sandwich hybridisation was as follows. The swabs were first vortexed in their plastic transport tubes (Nunc, 4 ml). To remove the remaining specimen from the swab it was placed in a siliconised Finnpipette tip (1 ml) (Labsystems, Finland) and centrifugated in a low speed centrifuge for 3 min whereby the extracted solution was collected onto the rest of the sample solution without additional washing procedures. The recovered sample solution (370-450 ~tl) was then boiled in 150 mM NaOH for 5 min in open Nunc-tubes and neutralised with an equimolar amount of acetic acid. 300 p,1 of the denatured sample was added to each hybridisation assay.
Cloning of identifying DNA reagents
The cloning of C. trachomatis specific chromosomal reagents from serotype L2 has been previously described [9] . The following designations were used for these recombinants: the original recombinant plasmid containing an approx. 10-kb C. trachomatis-specific chromosomal insert in pBR322 was called pKTH1220. The 2.9-kb and 3.0-kb Sall-ClaI fragments of pKTH1220, subcloned into pATI53, were called pKTHI252 and pKTH1250, respectively. The 0.7-kb and |.4-kb BamHI-SalI fragments of pKTH1220, after subcloning into the same M13mp8 bacteriophage vector, were called either mKTH1245 or mKTHI246, depending on the polarity of the single-strand insert in the recombinant phage DNA.
The sandwich hybridisation reagents from the cryptic plasmid of C. trachomatis [15] were constructed as follows. The cyptic plasmid cloned in pBR327 (pLGV125), was obtained from Dr. Steven H. Larsen (Indiana University, U.S.A.). According to the restriction map described by Hyypi~i et al.
[16] the 1.3-kb Xhol-Bglll fragment of pLGVI25 was deleted and the remaining DNA containing pBR327 and about 5.9 kb of chlamydial plasmid was closed by ligation and designated pKTH1260. The deleted 1.3-kb fragment was inserted between the BamHl and SalI sites of M13mpl0 and M 13mpl 1 vectors and designated mKTH1261 and mKTH1262, respectively.
The cloning hosts used were Escherichia coli HB101 for plasmids and E. coli JM103 for NIl3 bacteriophages. The cloning procedures and DNA preparations were performed according to standard methods.
Sandwich hvbridisation
Sandwich hybridisation technique is described in detail by Ranki et al. [17] . In this study, 3 types of sandwich hybridisation assays were performed. In all assays single-stranded phage DNAs were immobilised on nitrocellulose filters (BA85, Schleicher and Schiill) and the plasmid DNAs, labelled by nick translation, were used as probes.
Test A detected chromosomal DNA, test B detected the cryptic plasmid and test C detected both chromosomal and plasmid DNA (Table 1) . Test C contained on one filter mKTH1245, 1246, 1261 and 1262 DNA and a mixture of probe 213 DNAs pKTH1250, 1252 and 1260. The amount of catching DNA per test filter (10 mm in diameter) was about 1011 molecules of each recombinant DNA. In each assay, a filter without added DNA was used as blank control. Hybridisations were performed at 65°C for 17 h as described [17] . After hybridisation, filters were washed in 0.1 × SSC. 0.2% SDS at 50°C for 1 h and counted in tolucne-Permablend ~ III (Packard) cocktail in a scintillation counter (Wallac, Turku).
The copy number of the chlamydial cryptic plasmid was measured as follows. The presence of chlamydial genomes and plasmids was measured separately by tests A and B, respectively. Their respective numbers were determined according to the standard curves, and the plasmid copy number per genome equivalent was calculated.
Labelling of DNA
The labelling of the double stranded hybrid plasmids (pKTH1250, pKTH1252, pKTH1260) by nick translation was with [c~ -32 P]dCTP ( > 3000 Ci/mmol. Amersham) to specific activities of 8 × 107-2 × 10 s cpm/ktg, as described [18] . 
Sensitisation of sandwich hybridisation
The previously reported sandwich hybridisation assay for C. trachomatis, using chromosomal DNA fragments as identifying reagents, detected 10 6 chlamydial genomes [9] . Elementary bodies of C. trachomatis also contain a cryptic plasmid [15] , which is found in all serotypes [16] in several copies. By measuring the plasmid DNA together with the genomic DNA, the sensitivity of the hybridisation test could be increased. Therefore, a sandwich-reagent pair from the cryptic plasmid of C. trachomatis was constructed as described in MATERIALS AND METHODS. The availability of both reagent combinations also enabled measurements of the actual plasmid copy number per chlamydial chromosome. The detection levels obtained with separate and combined reagents are shown in Table 1 . With the combined chromosomal and cryptic plasmid reagents, about 10 5 purified target DNA molecules or less than 10 5 EBs in infected cells could be detected in an overnight reaction (Table 1) . The mean plasmid copy-number was 7 when measured from McCoy cells infected with serotype L2.
Specifici(v of the sandwich hybridisation test
The specificity of a DNA test is dependent upon the specificity of the test reagents and the reliability of the criteria defining the limit of positivity. The sequence specificity of the chromosomal reagents for C. trachomatis has been proven [9, 10] . The plasmid reagents were also tested as described for chromosomal reagents and no cross-hybridisations with the isolated total DNAs from 40 unrelated organisms [9] was observed (not shown).
In order to adequately set the negative control of the test, the background hybridisation caused by buffer alone or by non-chlamydial genital specimens was compared. For that purpose, nonchlamydial specimens containing discharge comparable to that in the Chlamydia-positive specimens were collected from 10 male patients with acute Neisseria gonorrhoeae infection and from 10 female patients with discharge caused by N. gonorrhoeae, Gardnerella vaginalis or Candida albicans, respectively. The specimens were subjected to chlamydial isolation and to the sandwich hybridisation assay. Table 2 shows the results excluding the specimens that were Chlamydia-positive by isolation. No background over that caused by the transport buffer control was observed, These results indicated that the limit of positivity in a test series could be reliably determined using a sufficient number of buffer controls as the basis of calculation. 4.0 a pKTIt1220 and pLGV125 DNA. h Sandwich hybridisation was as described in Table 3 . Table 3 Detection of C. trachomatls in clinical specimens by nucleic acid sandwich hybridisation.
Hybridisations were performed with test C (Table 1) using about 6(X)(X)0 cpm of probe labelled by nick translation (1 • 2 × 10 ~ cpm//~g) for 17 h at 65°C. The limit of positivity was calculated by 99% confidence limits [19] 268 clinical specimens, of which 65 were positive by chlamydial isolation, were obtained from male patients with urethritis (N = 80) or female patients with cervicitis (N=188).
The blindly coded specimens were tested by sandwich hybridisation using the combined chromosomal and plasmid reagents (see above) for the identification. Table 3 shows the hybridisation results. The limit of positivity was set according to the 99~ confidence limits [19] giving a cutoff line below which 99.5% of the negative controls and negative specimens (see section 4.2.) distributed. By this criterion, 50 out of 65 culture-positive specimens could be detected by the sandwich hybridisation test. The sensitivity was thus 77%. There was no significant difference in the detection of Chlamvdia-positive specimens from females or males. Furthermore, a good correlation was seen between the Table 4 Quantification of chlamydial DNA in the discordant specimens negative in cell culture Hybridization and the positivity criteria used are described in Table 3 . Data were obtained in two separate experiments. The number of target molecules detected and the ratio of signal to the mean background of ten negative controls were calculated according to the appropriate DNA standards and the background values obtained in each test.
Patient
Sandwich level of the culture-positivity and detectability by hybridisation (Table 3) . Of the culture-negative specimens, 15% became positive by hybridisation (31/203), giving a 85% specificity for the hybridisation test. There was a significant difference between the male and female specimens with regard to the proportion of culture-negative but hybridisation-positive (C-H') specimens. 31% of male and 10% of female specimens belonged to the group of C H ~ Sandwich hybridisation allows quantitative analysis of the nucleic acids detected. The plasmid copy number in 6 female specimens analysed here was 4-9 (data not shown). It was estimated that the culture-and hybridisation-positive specimens (C" H-), contained 9.5 × 105-5 × 10 ~ target molecules, corresponding to 105-6 × 107 elementary bodies, assuming that the mean copy number of the cryptic plasmid is 6-7. 72% of the C~H-specimens contained only 105-106 EBs.
Analysis of the culture-negatit;e but hvbridisation-positit>e cases
Evaluation of some clinical parameters of the 29 patients presenting with the 31 C H' specimens was carried out in order to clarify the reason for discrepancy between the results of the 2 tests. Also, the number of chlamydial DNA molecules detected in the discordant culture-negative specimens was calculated. The C-H" specimens contained 3.5 × 105 5.4 × 106 chlamydial target DNA molecules, and the signal-to-noise ratios were high due to the strict criteria of positivity (Table 4 ). In 15 of the 29 patients, the clinical features supported the correctness of the sandwich hybridisation result.
DISCUSSION
The nucleic acid sandwich hybridisation method described here detects, in addition to the chromosomal DNA, the cryptic plasmid, present in several copies in all analysed C. trachomatis serovars. The strategy of choosing a naturally amplified target DNA for detection resulted in a concomitant increase in the sensitivity of the test.
It was rigorously controlled that nucleic acid reagents were highly specific to C. trachomatis.
The sequence homology, located in a short DNA fragment of 0.8 kb between the cryptic plasmids of Chlamydia psittaci and C. trachomatis [20] , could not lead to a signal in our assay, because the region of homology did not span the reagent pair. False positives in a DNA-test could only be due to technical reasons, e.g., inadequacy in defining the limit of positivity. We defined the cutoff value statistically, taking into account possible variance due to individual specimens. The 99% confidencc limits, allowing 0.5% false positives, were calculated according to background hybridisation caused by negative buffer controls. It was, however, carefully controlled that the discharge, prcsent in the specimens, did not causc a higher background than the buffer and consequent misinterpretation of the results. According to our experience, no background problems have been observed with the applications of the sandwich assay to a multitude of crude specimens [9,14,21.23,24] .
To evaluate our method in the detection of C. trachomatis, genital specimens were collected from patients with a high prevalence of infections. Our test detected 76% and 78% of the culture-positivc infections from men and women, respectively. Additionally, 31% of the malc and 10% of the female culture negatives were positive by the DNA test. Arc thesc specimens false positives or failurcs of the culture? The sequence specificity of thc reagents, the tolerance of specimen impurities of the test and some clinical features of the patients with the discordant results suggest that most of the hybridisation results are correct. A similar result was recently obtained using in situ hybridisation [12] . 20% (5/25) of the culture-negative specimens contained chlamydial DNA. It is clear that in spite of being the only reliable reference test, the culture is not an accurate standard. It is estimated to detect only 75% of chlamydial infections even if performed optimally, i.e., by using culture vials. with one blind passage and staining with fluorescent monocional antibodies [25] . We omitted blind passage and used iodine staining. Our culture procedure, which is common practice in most diagnostic laboratories, should detect 60-90% of the culture-positive infections depending on sampling and the risk level of the patient group studied [25] [26] [27] .
Sandwich hybridisation is quantitative, providing useful data when estimating the sensitivity requirements of new nonculture rapid tests. In most of the specimens 8 × 105--8 x 10 6 molecules of chlamydial target DNA were present, and in 23% the quantity was below the detection limit of our test. In order to develop DNA tests further, the sensitivity should be improved, e.g., by further amplifying the target either enzymatically [22] or by detecting the chlamydial rRNA. Better specimen collection, allowing more material to be recovered, would also be an improvement.
